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ABSTRACT:  This  report  describes  the  use  of  the  vacuum  thermocouple 

microsecond  timer  to  measure  detonation  velocities  of  seme  common 
explosives .  Problems  such  as  diameter  effect,  inherent  in  the  use  of 
small  quantities  of  explosives  In  these  measurements,  are  discussed. 

It  is  concluded  that  ample  radial  confinement  can  reduce  the  effect  of 
small  diameters  to  such  an  extent  that  a  good  estimate  of  the  detonation 
velocity  of  an  explosive  can  be  obtained  vith  this  timer. 
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A  small  scale  technique  for  determining  rates  of  detonation  Is  described 
in  which  the  vacuum  thermocouple  timer,  reference  (a),  developed  here  Is 
used.,  Qua  method  is  advantageous  In  the  early  stages  of  development  of 
new  explosives  when  only  small  quantities  are  available.  Tea  atthod  has 
the  other  advantages  concomitant  with  email  sale  aeasureoanta,  The 
rates  of  detonation  of  standard  explosives  ore  reported  and  compared  with 
rates  obtained  by  use  of  substantially  larger  quantities  of  explosives. 
The  work  was  authorised  by  Task  Assignment  N0L-Ra2c-l-l(SP)-52. 
report  is  for  information  only  and  is  not  Intended  to  be  used  as  a  basis 
for  action. 
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Introduction 


In  the  development  of  new  axplooives,  it  in  Important  to  mke 
on  estimate  of  performance  oa  reliable  as  possible  while  the  preparation 
of  a  new  compound  is  still  in  the  laboratory  stags.  Such  en  estimate  of 
performance  made  in  the  laboratory  stage  of  development  can  save  expanse 
of  time  and  money  in  preventing  more  extensive  investigation  of  ineffective 
explosives,  During  laboratory  development  only  small  quantities  of 
explosives  a-  •ailable  for  study.  Consequently,  the  small  scale 
technique  for  determining  detonation  rates  described  is  valuable. 

Although  the  relationships  involved  are  trail  enough  known  to  make 
possible  calculations  of  performance  based  upon  the  chemical  composition 
and  heat  of  formation  of  a  compound,  tliecc  calculations  depend  upon 
assumptions  regar  d:\n3  chemical  equilibria  and  equations  of  3tate  under 
conditions  which  cannot  be  obtained  statically.  It  has  been  possible  to 
determine  the  validity  of  such  assumptions  and  to  adjust  tba  values  of 
the  constants  involved  using  performance  data  of  known  explosives  but 
this  process  has  not  been  carried  to  the  point  where  further  checking  is 
unntjesssary  in  the  case  of  new  confounds.  Soma  of  the  most  usable 
performance  data  for  such  purposes  are  those  relating  the  detonation 
velocity  of  a  compound  to  its  loading  density.  In  addition,  the  detonation 
velocity  is  a  marly  direct  critierion  of  performance  in  certain  applications, 
e.g.  shaped  charges. 

The  present  report  includes  an  account  of  the  development  of  a 
technique  for  measuring  the  detonation  velocity  cd?  explosives  for  which 
only  small  samples  are  available  together  with  some  data  obtained  by  this 
method  with  standard  explosives  and  a  comparison  of  these  values  with 
data  obtained  by  other  observers  using  larger  sturole*. 

jhggerjmgntal  Apparatus  and  Procedures 
General  Discussion: 

Briefly,  the  method  consists  of  the  measurement  of  the  time  required 
for  the  detonation  of  a  small,  highly  confined  column  of  explosive  to 
traverse  the  distance  between  two  accurately  cpocod  probes.  The  column 
diameters  used  have  been  0.10,  0.15,  and  0.20  inch  and  the  length  has, 
la  general,  been  one  inch.  The  diameter  effect  hoe  bean  reduced  by  high 
radial  confinement.  The  time  is  measured  by  m eras  of  a  vacuum  thermocouple 
microsecond  timer  as  described  in  reference  (a). 

Figure  1  shows  the  explosive  colwa  ready  for  firing.  The  V  block 
and  clamping  arrangement  facilitate  the  alignment  of  the  various  sections 
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oi'  the  explosive  colnm  and  mate  it  possible  to  xedocr;  the  tipr.ciw: 

1  c?lt  (Vi,'  Llv  :  .uoll'i'ii  to  U  teutfu  U.uliiji-,1. .  'iilw!  «wOd  piOtccttt 

the  metal  parts  from  the  direct  action  of  the  explosive* 

Figures  2  and  3  shew  alternate  electrical  oysternc  which  were  used 
on  the  probes  »  That  shown  la  Figure  2  vaa  used  at  first,  out  a  change 
was  made  -to  that  0 hewn  in  Figure  ^  when  timing  circuits  of  the  last 
design  discussed  la  reference  (a)  had  been  constructed.  In  both  circuits, 
tho  ionised  gas  of  the  detonation  front  completed  the  circu?  ;s  to  give 
start  end  stop  signals.  It  Is  the  practice  to  check  the  calibration  of 
tho  timer  at  frequent  intervals  using  coaxial  cable  as  a  time  standard. 

Two  timers  wore  used  for  each  measurement.  Figure  4  la  a  photograph  of 
the  complete  apparatus  for  firing  and  measuring. 

Time  Measurement : 

The  instrument  used  for  measuring  time  in  these  experiments  is 
discussed  in  detail  in  reference  (a) .  Essentially  it  consists  of  two 
thyratrona  which  deliver  to  the  heater  of  a  vacuum  thermocouple  a  square 
electrical  pulse  of  reproducible  amplitude  with  a  duration  equal  to  the 
time  to  ba  measured.  The  temperature  rise  of  the  heater,  no  measured  by 
the  thermocouples  used  as  a  measure  of  the  time. 

Inasmuch  as  the  calibration  of  tho  Instrument  varies  slightly  over 
periods  from  day  to  day  or  even  over  a  few  hours  frequent  calibrations 
were  made  using  coaxial  cables  of  various  lengths  as  time  standards.  Tho 
coaxial  cables  were  calibrated  by  determining  resonant  end  null  point 3 
with  tho  help  of  a  tuned  circuit  oscillator  which  vas,  in  turn,  checked 
against  a  crystal  controlled  oscillator. 

The  transit  times,  as  deterninad  by  this  method,  decreased  slightly 
with  increasing  frequency.  The  frequencies  used,  one-tenth  to  ten  mcgac^-des, 
war®  too  low  foot*  separation  of  phase  end  grot®  propagation  rates,  due  to 
th®  geometry  of  the  cable,  to  have  a  noticeable  effect  ,  It  has  b?.sn 
suggested  that  the  slight  reduction  of  transit  times  may  bo  the  result  af 
polar  components  of  the  dielectric  constant  of  the  Insulating  material  cf 
the  cable,  the  contribution  of  which  decreases  with  increasing  frequency. 

If  eo,  the  effect  would  be  similar  far  both  phase  and  group  velocities. 

Since  there  are  undoubtedly  components  of  the  pulses  used  to  calibrate 
tho  timer  which  exceed  considerably  tho  highest  frequencies  used  In 
calibration  of  the  cable.  It  lo  possible  that  tho  true  times  far  physical 
phenomena  are  shorter  than  those  indicated  by  measureaants  based  upon  such 
calibrations.  This  may  account  for  part  of  tho  discrepancy  between 
detonation  velocities  as  measured  by  the  present  technique  and  those 
measured  by  other  methods.  Further  study  of  this  natter  Is  proposed. 

Probes: 

Am  stated  previously,  the  time  signals  wood  to  start  and  step  the 
timer  result  from  the  closing  of  electrical  circuits  by  means  of  the 
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4  highly  coadnctiw)  ionised  p.nncn  <>C  thy  datcnr.&toa  front  To  r.cecs:  cl4 nh 

this  renu.it,  the  gasea  must  simultaneously  contact  wo  metallic  conductors 
t  which  tire  inferred  to  heroin  as  "probes*.  The  axial  position  of  these 

;  probes  met  bo  determined  accurately.  They  mint  ’oe  rather  close  to  the 

center  line  of  the  detonating  column  of  the  explosive  for  the  reason 
that  the  detonating  front  of  email  charges  nay  have  considerable  eicrrat;a,e . 
They  munt  interfere  as  little  as  possible  with  the  detonation  which  1h 
being  studied.  Of  course  these  requirements  rnzst  be  combined  with  reasonable 
convenience  of  construction  and  handling. 

Figure  5  shown  the  construction  of  the  probe c  which  are  used  in  these 
experiments.  Each  pair  of  probes  consists  of  two  flattened  vires  held 
between  two  places  of  Scotch  vinyl  film  electrical  tape.  Hunter  24  plastic 
Insulated  stranded  single  conductor  vires  are  need.  Each  conductor  consists 
of  seven  Ho.  32  strands.  The  end  of  the  wire  la  stripped  for  elect  an 
inch  and  the  strands  separated.  All  but  one  of  the  strands  ore  cut  off 
close  to  the  insulation.  The  remaining  strand  la  flattened  in  a  email 
hand  operated  roller  mill  to  about  one  ail  thickness.  Each  piece  of  tope 
has  a  hole  2/3  to  3A  of  the  diameter  of  the  column  of  explosive  with 
which  It  is  to  be  used.  The  flattened  ends  of  two  vires  are  laid  on  the 
adhesive  side  of  a  piece  of  tape  about  l/32"  cj»art  and  straddling  the 
cantor  of  the  hole.  This  assembly  is  stuck  to  the  back  of  another  piece 
of  tape  so  that  the  holes  are  aligned.  The  probe  Is  now  ready  to  apply 
to  the  end  of  the  explosive  specimen  with  the  lioles  In  the  tape  concentric 
with  the  explosive  column. 

The  whole  probe  assembly  is  about  six  thousandths  of  an  inch  thick 
end  the  pi  yoeo  ore  quite  near  the  canter*  In  calculating  velocities  a 
correction  of  six  thousandths  of  an  inch  is  added  to  the  length  of  the 
*  Specimen. 

Diameter  Effects  and  Confinement ; 

It  has  been  demonstrated  repeatedly  that  small  diameter  charges 
detonate  at  lower  velocities  than  larger  columns.  This  diameter  effect 
Is  negligible  if  all  of  the  charges  used  ere  quite  large  but  becomes 
increasingly  important  as  the  diameter  is  reduced  until  a  "critical  diameter" 
is  reached  below  which  stable  detonation  is  unattainable.  The  critical 
diems  ter,  ay  veil  as  the  diameter  at  which  these,  effects  become  noticeable, 
varies  quite  considerably  from  one  explosive  to  another.  Thus,  the  value 
of  data  obtained  with  small  diameter  columns  depends  upon  the  elimination 
of  such  effects  either  in  the  experiment  or  its  analysis. 

The  moot  obvious  eaqplanation  far  a  diameter  effect  of  this  sort  is 
that  it  is  the  result  of  radial  losses  of  matter  end  energy.  The 
hydrodynamic  theory  of  the  detonation  process,  reference  (b),  predict* 
that  only  conditions  within  the  detonation  bcoob  can  affect  the  detonation 
velocity.  Thai  ratio  of  the  charge  diameter  to  the  reaction  cone  length 
thus  becomes  an  Important  quantity,  if  this  ratio  ia  modi  greater  than  one 
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the  radial  losses  from  tba  reaction  zona  vill  ba  vuulnhinsly  eaull 
and  the  velocity  vill  approach  that  for  a  charge  of  infinite  dlanetsr. 
Figure  6,  taken  from,  reference  (d),  shows  the  effect  of  dials  ter  ijioi 
the  detonation  velocity  of  uncased  chargee. 

In  reference  (b),  Eyring  end  co-workers  have  discussed  the  effect 
which  the  diameter  of  the  charge  has  upon  the  detonation  velocity.  In 
equation  (50)  of  this  reference  a  relation  which  may  be  written 

®1«1-K 

X>i  H1 

is  given,  whore  Dj_  is  tbs  detonation  velocity  in  a  charge  whone  radius  Is 
K, ,  is  the  detonation  velocity  for  an  infinitely  large  radius,  eod  K  ia 
the  product  of  the  reaction  zone  length  and  the  sine  of  the  angle  which  the 
direction  of  the  detonation  at  the  circumference  makes  with  the  toils  of 
the  charge.  If ,  as  a  first  approximation,  ve  assume  that  K  is  a  constant 
ve  can  derive  an  expression  for  D.  in  terms  of  the  detonation  velocities 
of  sticks  of  two  diameters,  and  Rg 

h  ,  fog  -Dj) 


where  r  is  the  ratio  of  Ro  to  Ri .  The  value  of  K  Is  actually  a  variable 
related  to  the  detonation  velocity  but  the  ebovt*  approximation  should  be 
fairly  good  if  and  Dg  do  not  differ  greatly  from  each  other,  The 
amount  of  the  diameter  effect  differs  from  one  explosive  to  another. 
Figures  7  and  8  show  data  obtained  by  firing  onu  tenth  and  two  tenth 
inch  diameter  columns  of  two  common  explosives,  TUT  and  EDX.  As  shown 
In  this  figure  the  estimate  of  tba  infinite  diameter  stick  velocity 
obtained  from  this  data  is  lower  than  data  obtained  from  tbs  streak 
camera  for  hig bar  densities  and  is  too  high  for  low  densities. 

Encasing  the  explosive  in  a  dense  medium  vill,  of  course,  result 
in  reduced  radial  looses.  The  forces  Involved  ore  so  large  that  the 
strength  of  the  confining  medium  is  of  little  importance.  The  time  is 
so  short  that  the  inertia  of  the  confining  medium  becomes  of  critical 
Importance.  This  would  lead  to  the  conclusion  that  the  primary  criterion 
of  a  good  confining  medium  is  its  density.  Houuver,  only  that  material 
which  has  been  reached  by  the  shock  at  any  particular  time  has  been 
accelerated  so  that  the  effective  inertia  of  tho  confining  medium  la 
proportional  to  the  product  of  its  density  and  its  shock  velocity.  This 
product  is  similar  to  the  quantity  known  as  "acoustic  impedance".  It  * 
will  be  referred  to  as  "acoustic  (shock)  Impedance" . 

Measurements  have  been  made  of  the  velocities  of  shocks  in  media 
near  detonating  high  explosives  but  these  measurements  have  dealt  mainly 
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With  normally  Impacting  detonations  iron  large  chnrfloa.  Althot^/h  thic 
may  cast  some  doubt  on  their  applicability  to  confining  ccdia  of 
charges,  they  are  used  to  calculate  the  acoustic  shock  Impedances  quoted 
below. 

TffiD,  which  is  more  subject  to  diameter  effects  than  most  nllitagy 
explosives,  was  used  to  compare  the  effectiveness  of  several  Bartels  as 
confining  media.  She  results  are  given  below. 

T&bln  1 

Detonation  Velocity  of  TBT*> 


Coafa&ugj1 

Material 

Density 

Shock 

Velocity 

Acoustic 

Dqpe  dance 

DetdAsilcei 

Velocity 

Steel 

7.85 

5220 

hi 

5950  m/ae« 

Copper 

8.9^ 

5335 

*7.7  - 

5660 

lead 

11.35 

2730-3000 

31.0-34.1  • 

2500 

Aluminum 

2.70 

7150-7850 

19.3-21.2 

1900 

*  Density  1.H 


The  detonation  velocity  of  large  columns  of  TUT  at  a  density  of  1.4  Is 
apprcodmatoly  6325  m/oee. 

It  trill  bo  noted  that  the  columns  confined  in  steel  or  copper  eh 07 
relatively  little  dicEKsfcer  effect  while  those  confined  in  lead  or  ahrrimn 
show  considerable  loss  in  their  tofcoration  velocity.  These  results  are 
.In  qualitative  agreement  with  what  might  have  been  expected  free  the 
values  of  the  acoustic  impedances.  The  difference  between  steel  and 
copper  io  not  statistically  significant  nor  Is  that  botveaa  lead  and 
aluminum  as  they  are  the  means  of  only  two  or  three  shots.  Moreover 
these  abnormally  low  velocities  ore  rot  vary  reproducible.  Copper  was 
used  In  the  earlier  experiments  as  a  confining  medium  because  copper 
components  were  available  but  tbs  more  recent  work  bos  been  done  using 
steel  because  of  its  batter  machining  properties  and  lower  cost. 

Penalty  Measurement! 

The  cavities  into  which  the  explosive  was  loaded  were  gaged  with 
devices  which  were  precise  to  the  nearest  0.2$.  The  containers  were 
weighed  on  an  analytical  balance  before  and  after  loading.  Although  these 
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ueiwurensats  war®  read  to  the  ceej’onr.  0.1  m-njigpc-y  the  vavi  -.tiano  «>•„ 
litiaoopim’lc  humidity  causa  ch«ns?J  of  tliy  er-xor  oJ.'  rrw  nil'll  ~xzri  ir  .-3 
weight  a?  the  conttm&scrs  so  that  tha  accuracy  is  loss  than  urn;  pixscision 
of  mRaswr.jmen.t3,  For  the  0.2  Inch  diameter  colucus  which,  in.  tlie  one  inch 
N  length,  contain  nearly  a  gram  of  explosive  this  error  in  snail  but  fee 
thu  0.1  inch  diameter  it  is  more  serious.  Eovover,  it  is  still  probably 
only  a  friction  of  one  percent, 

Stnhilisatlcn  of  Detonation: 

Whm  on  explosive  is  initiated  by  a  detonation  of  another  explosive 
the  resulting  reaction  usually  does  not  prt.ceocl  immediately  at  the 
normal  detonation  velocity  of  the  explosive.  The  rate  will  dzrpcnd  upon 
the  eharaoteristic  of  the  initiating  explosive.  However,  the  detonation 
velocity  soon  becomes  stabilized  or  dies  cut.  In  a  previous  report, 

•  reference  (e),  data  are  reported  which  indicate  that  this  stabilization 
takes  place  within  the  first  half  inch  with  column  diameter  a  of  0,10  Inch 
end  0,20  inch  with  the  explosive  iiiglily  confined  in  natal. 

In  obtaining  the  data  reported  here  the  column  of  explosive,  cub 
Inch  in  lnngbh,  whose  detonation  velocity  was  iieing  measured,  v-w  preceded, 
in  most  cases,  by  an  inch  of  the  name  explosive  loaded  under  the  sane 
conditions  os  ‘that  being  tested.  Thus,  the  detonation  velocity  hod  time 
to  bsccmo  stabilized  bofore  reaching  the  cection  under  observation. 

Conclusions 

Menoux\Haents  of  detonation  volocitiea  of  series  of  explosive  samples 
loaded  to  different  densities  givt*  volocitioo  which  deprrt  very  little 
frc#a  a  linear  relation  to  the  density  of  tho  cip.lo3iv«0  ejaculations  of 
the  standard  deviation  of  the  deptxrtuna  from  linearity  for  several  runs 
indicate  that  a  value  of  fifty  to  sleety  restore  per  second  is  typical  for 
this  standard  deviation.  The  hlga  radial  confinement  ninlnlzaa  the 
diameter  offset  until  with  sons  esplOBivea  very  little  difference  eon  be 
noted  between  the  velocities  obtained  far  columns  of  oae  tenth  and  two 
tenths  inches.  With  ethers,  such  as  TUT,  an  entliaatc*  of  the  effect  can  be 
made* 
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FIG. I  ARRANGEMENT  OF  EXPLOSIVE  COLUMN 


FIG.  2  ELECTRICAL  CIRCUIT  WITH  EXTERNAL  PROBE  POWER  SUPPLY 


ELECTRICAL  CIRCUIT  WITH  INTERNAL  PROBE  POWER  SUPPLY 
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